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,QVWLWXWH�IRU�WKH�6WXG\�RI�WKH�&RQWLQHQWV��'HSDUWPHQW�RI�*HRORJLFDO�6FLHQFHV��&RUQHOO

8QLYHUVLW\��,WKDFD�1<�������

6RODU�UDGLDWLRQ�LV�D�SULPDU\�HQHUJ\�VRXUFH�IRU�DEODWLRQ�RI�WKH�JODFLHUV�LQ�WKH

&RUGLOOHUD�5HDO�RI�%ROLYLD��)UDQFRX�HW�DO����������+RZHYHU�WR�GDWH��QR�VWXGLHV�KDYH

TXDQWLWDWLYHO\�H[DPLQHG�WKH�VSDWLDO�YDULDWLRQ�RI�VKRUWZDYH�UDGLDWLRQ�LQ�WKH�UHJLRQ

DQG�LWV�UHODWLRQVKLS�WR�JODFLHU�ORFDWLRQV���7KH�GLUHFW�DQG�GLIIXVH�VKRUWZDYH�UDGLDWLRQ

ILHOGV�ZHUH�FRPSXWHG�XVLQJ�D�FOHDU�VN\�UDGLDWLRQ�PRGHO�IRU�D�VPDOO�DUHD�LQ�WKH

+XD\QD�3RWRVt�UHJLRQ����������6����������:��RI�WKH�&RUGLOOHUD�5HDO��%ROLYLD���+RXUO\

VLPXODWLRQV�RI�WKH�VKRUWZDYH�FRPSRQHQWV�IRU�WKH���VW�GD\�RI�HDFK�PRQWK�VKRZ�WKDW

JODFLHUL]HG�DUHDV�UHFHLYH�VLJQLILFDQWO\�OHVV�VKRUWZDYH�UDGLDWLRQ�WKDQ�QRQ�JODFLHUL]HG

DUHDV�DW�HTXLYDOHQW�HOHYDWLRQV�GXULQJ�PRVW�PRQWKV�RI�WKH�\HDU���$QQXDO�DYHUDJH

GLIIHUHQFHV�LQ�WRWDO�VKRUWZDYH�UDGLDWLRQ�LQFLGHQW�XSRQ�JODFLHUL]HG�DQG�QRQ�

JODFLHUL]HG�DUHDV�UDQJH�EHWZHHQ�����0-�P���GD\���

,QWURGXFWLRQ

6RODU�UDGLDWLRQ�SURYLGHV�D�ODUJH�SHUFHQWDJH�RI�WKH�HQHUJ\�DYDLODEOH�IRU�DEODWLRQ

RFFXUULQJ�RQ�WKH�KLJK�HOHYDWLRQ�JODFLHUV�RI�WKH�VXEWURSLFDO�FHQWUDO�$QGHV���,QFUHDVHG

LQFLGHQW�VKRUWZDYH�UDGLDWLRQ�GXH�WR�GHFUHDVHG�FORXG�FRYHU�GXULQJ�(162�HYHQWV

FRQWULEXWHV�WR�WKH�PDUNHG�JODFLHU�UHWUHDW�RFFXUULQJ�LQ�WKH�UHJLRQ��)UDQFRX�HW�DO�

���������7KH�VWURQJ�LQIOXHQFH�RI�UDGLDWLRQ�RQ�JODFLDO�PDVV�EDODQFH�VXJJHVWV�WKDW

VSDWLDO�YDULDWLRQV�LQ�WKH�QHW�UDGLDWLRQ�ILHOG�VKRXOG�LQIOXHQFH�ZKHUH�JODFLHUV�DUH

ORFDWHG�ZLWKLQ�WKH�UHJLRQ�DQG�SRWHQWLDOO\�JODFLHU�UHVSRQVH�WR�FOLPDWLF�IRUFLQJV�

+RZHYHU��WKH�HIIHFW�RI�RULHQWDWLRQ��DVSHFW��RQ�JODFLHU�(TXLOLEULXP�/LQH�$OWLWXGHV�RU

(/$V�LQ�%ROLYLD�KDV�SUHYLRXVO\�EHHQ�H[DPLQHG�RQO\�TXDOLWDWLYHO\��H�J��-RUGDQ�������

*ODFLHUV�ZLWK�QRUWK�HDVWHUO\�DVSHFWV�KDYH�EHHQ�IRXQG�WR�KDYH�WKH�KLJKHVW�(/$V��

7KLV�FRQILJXUDWLRQ�ZDV�DWWULEXWHG�WR�WZR�HIIHFWV������DW�WKHVH�ORZ�VRXWKHUQ
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KHPLVSKHUH�ODWLWXGHV��VORSHV�ZLWK�QRUWKHUQ�DVSHFWV�UHFHLYH�PRUH�LQVRODWLRQ�WKDQ

VORSHV�ZLWK�VRXWKHUQ�DVSHFWV��DQG�����DQ�DIWHUQRRQ�EXLOGXS�RI�FORXGV�FDXVHV�VKDGLQJ

RI�VORSHV�ZLWK�D�ZHVWHUO\�DVSHFWV�GXULQJ�WKH�DIWHUQRRQ�KRXUV��-RUGDQ������

+DVWHQUDWK�������

7KLV�VWXG\�SUHVHQWV�D�TXDQWLWDWLYH�DQDO\VLV�RI�WKH�VSDWLDO�GLVWULEXWLRQ�RI

VKRUWZDYH�UDGLDWLRQ�WHVWLQJ�WKH�K\SRWKHVLV�WKDW�JODFLHUL]HG�DUHDV�UHFHLYH�OHVV�VRODU

LQVRODWLRQ�WKDQ�QRQ�JODFLHUL]HG�DUHDV���$�GLJLWDO�HOHYDWLRQ�PRGHO��'(0��ZDV�XVHG�WR

FRPSXWH�WKH�GLUHFW�DQG�GLIIXVH�VKRUWZDYH�UDGLDQFH�LQFLGHQW�RQ�VORSLQJ�VXUIDFHV

XQGHU�FOHDU�VN\�FRQGLWLRQV���+RXUO\�VLPXODWLRQV�IRU�WKH���VW�GD\�RI�HDFK�PRQWK�ZHUH

XVHG�WR�FDOFXODWH�VHDVRQDO�DQG�DQQXDO�DYHUDJHV�RI�LQFLGHQW�VKRUWZDYH�UDGLDWLRQ�

$�VPDOO�����NP�[������NP��UHJLRQ�RI�WKH�&RUGLOOHUD�5HDO�ZDV�VHOHFWHG�IRU�WKLV

SUHOLPLQDU\�VWXG\��)LJXUH��$����7KH�VLWH��FHQWHUHG�DW����������6����������:���FRQWDLQV

&HUUR�+XD\QD�3RWRVt�������P���RQH�RI�WKH�KLJKHU�PDVVLIV�ZLWKLQ�WKH�UDQJH��DV�ZHOO

DV�QXPHURXV�VPDOOHU�SHDNV���(LJKW\�QLQH�JODFLHUV�DQG�SHUHQQLDO�VQRZ�SDWFKHV�KDYH

EHHQ�UHFRJQL]HG�ZLWKLQ�WKH�VWXG\�DUHD���*ODFLHUL]HG�DUHDV�ZHUH�GLVWLQJXLVKHG

WKURXJK�GLJLWL]DWLRQ�RI����������JODFLHU�PDSV�SURGXFHG�E\�-RUGDQ��������

6KRUWZDYH�7HUUDLQ�0RGHOLQJ�DQG�0HWKRGRORJ\

0RXQWDLQRXV�WHUUDLQ�FUHDWHV�VLJQLILFDQW�VSDWLDO�YDULDELOLW\�LQ�WKH�LQFLGHQW

VKRUWZDYH�UDGLDWLRQ�ILHOG���7KH�WRWDO�VKRUWZDYH�UDGLDWLRQ�LQFLGHQW�XSRQ�D�VORSLQJ

VXUIDFH�LV�WKH�VXP�RI�WKUHH�FRPSRQHQWV��GLUHFW��GLIIXVH��DQG�WHUUDLQ�UHIOHFWDQFH�

'LUHFW�UDGLDWLRQ�LV�D�IXQFWLRQ�RI�WKH�HOHYDWLRQ��VORSH��DQG�DVSHFW�RI�HDFK�WHUUDLQ

IDFHW��DQG�ZKHWKHU�WKH�VXQ�LV�REVWUXFWHG�IURP�DQ�LQGLYLGXDO�WHUUDLQ�IDFHW�E\

VXUURXQGLQJ�WRSRJUDSK\���'LIIXVH�UDGLDWLRQ�GHSHQGV�RQ�WKH�DPRXQW�RI�WKH�RYHUO\LQJ

VN\�YLVLEOH�WR�DQ�LQGLYLGXDO�VORSH�IDFHW���7HUUDLQ�UHIOHFWDQFH�LV�QHJOHFWHG�EHFDXVH�RI

LWV�UHODWLYHO\�VPDOO�PDJQLWXGH�DQG�FRPSXWDWLRQDO�OLPLWDWLRQV�LQ�LWV�FDOFXODWLRQ�

7RSRJUDSKLFDOO\�LQGXFHG�YDULDWLRQV�LQ�VKRUWZDYH�UDGLDWLRQ�FDQ�EH�TXDQWLWDWLYHO\

PRGHOHG��H�J��:LOOLDPV�HW�DO��������XVLQJ�GLJLWDO�HOHYDWLRQ�PRGHOV��'(0V����7KH

'(0�IRU�WKH�VWXG\�DUHD�ZDV�FUHDWHG�IURP�FRQWRXUV�GLJLWL]HG�IURP�WKH���������

WRSRJUDSKLF�PDSV�SURGXFHG�E\�WKH�,QVWLWXWR�*HRJUDILD�0LOLWDU��,*0��LQ�/D�3D]�



�

%ROLYLD���7KH�'(0��ZLWK�����P�UHVROXWLRQ��ZDV�SURGXFHG�XVLQJ�D�JULGGLQJ�DOJRULWKP

GHYHORSHG�E\�+XWFKLQVRQ��������DV�LPSOHPHQWHG�LQ�WKH�$5&�,1)2��*HRJUDSKLF

,QIRUPDWLRQ�6\VWHP���7KH�VORSH�DQG�DVSHFW�RI�HDFK�FHOO�ZHUH�FDOFXODWHG�IURP�WKH

'(0�E\�D�SODQDU�OHDVW�VTXDUHV�ILW�WR�WKH���DGMDFHQW�HOHYDWLRQ�YDOXHV�ZLWKLQ�D��[�

PRYLQJ�ZLQGRZ�

8QGHU�FOHDU�VN\�FRQGLWLRQV�WKH�GLUHFW�VKRUWZDYH�UDGLDWLRQ��6���UHFHLYHG�RQ�HDFK

WHUUDLQ�IDFHW�FDQ�EH�FDOFXODWHG�DV�

6�� �,�η�Φ�7U�7Z� ���

�0XQUR�DQG�<RXQJ�������ZKHUH�,�LV�WKH�VRODU�FRQVWDQW�������:�P�����η�LV�D�ELQDU\

VKDGH�IDFWRU����LI�WKH�SL[HO�LV�VKDGRZHG����LI�QRW���Φ�LV�WKH�ORFDO�LOOXPLQDWLRQ�IDFWRU

ZKLFK�FRUUHFWV�IRU�WRSRJUDSKLF�RULHQWDWLRQ��DQG�7U�DQG�7Z�DUH�DWPRVSKHULF

WUDQVPLVVLYLWLHV�DFFRXQWLQJ�IRU�5D\OHLJK�VFDWWHULQJ�DQG�ZDWHU�YDSRU�DEVRUSWLRQ�

UHVSHFWLYHO\��7KH�ORFDO�LOOXPLQDWLRQ�IDFWRU�LV�FDOFXODWHG�E\�

Φ� �FRV�=��FRV�β����VLQ�=��VLQ�β��FRV�γV���γ� ���

ZKHUH�=�LV�WKH�VRODU�]HQLWK�DQJOH��β�LV�WKH�ORFDO�WRSRJUDSKLF�VORSH��γ�LV�WKH�ORFDO

WRSRJUDSKLF�DVSHFW��DQG�γV�LV�WKH�VRODU�D]LPXWK���7KH�ELQDU\�VKDGH�IDFWRU��η��XWLOL]HV

WKH�'R]LHU�DQG�)UHZ��������DOJRULWKP�IRU�UDSLG�GHWHUPLQDWLRQ�RI�ORFDO�KRUL]RQV�

�7KH�GLIIXVH�UDGLDWLRQ��'���LV�FDOFXODWHG�DV�

'�� �,�FRV�=��7G�9 ���

7KH�VN\�YLHZ�IDFWRU��9��LV�WKH�IUDFWLRQ�RI�WKH�KHPLVSKHULF�VN\�GRPH�YLVLEOH�IURP�WKH

JLYHQ�SL[HO��'R]LHU�DQG�)UHZ���������,W�LV�FDOFXODWHG�IURP�WKH�'(0�E\�FDOFXODWLQJ

WKH�KRUL]RQ�DQJOH�IURP�HDFK�SRLQW�RQ�WKH�WRSRJUDSK\�LQ���GLUHFWLRQV������LQFUHPHQWV�

DQG�DYHUDJLQJ�
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7KH�DWPRVSKHULF�WUDQVPLVVLYLWLHV��7U�DQG�7Z��DUH�IXQFWLRQV�RI�DWPRVSKHULF�SDWK

OHQJWK�DQG�KHQFH�GHFUHDVH�ZLWK�LQFUHDVLQJ�]HQLWK�DQJOH�DQG�GHFUHDVLQJ�HOHYDWLRQ�

([SUHVVLRQV�IRU�7U�DQG�7Z�DUH�WDNHQ�IURP�&RXOVRQ��������DQG�*UXHOO�DQG�2HOHUPDQV

���������7G�LV�WKH�GLIIXVH�DWPRVSKHULF�WUDQVPLVVLYLW\�JLYHQ�E\��0XQUR�DQG�<RXQJ

������DV�

7G� �^���������7U�`���^�����������7]���7U�
�7Z��`� ���

ZKHUH�7]�UHSUHVHQWV�DWPRVSKHULF�GXVW�WUDQVPLVVLYLW\��IL[HG�LQ�WKLV�VWXG\�DW������

7KH�YDOXHV�RI�����DQG�����UHSUHVHQW�IRUZDUG�VFDWWHULQJ�UDWLRV�IRU�5D\OHLJK�DQG�0LH

VFDWWHULQJ��UHVSHFWLYHO\��0XQUR�DQG�<RXQJ�������

5HVXOWV�DQG�&RQFOXVLRQV

6KRUWZDYH�UDGLDWLRQ�JHRPHWU\�LV�IRXQG�WR�EH�DQ�LPSRUWDQW�IDFWRU�FRQWUROOLQJ�WKH

ORFDWLRQ�RI�JODFLHUV�LQ�WKH�HDVWHUQ�$QGHV�RI�%ROLYLD���8QGHU�FOHDU�VN\�FRQGLWLRQV�

JODFLHUV�LQ�WKH�+XD\QD�3RWRVt�UHJLRQ�DUH�IRXQG�SUHIHUHQWLDOO\�LQ�WRSRJUDSKLF

SRVLWLRQV�UHFHLYLQJ�OHVV�LQFLGHQW�VRODU�UDGLDWLRQ�WKDQ�QRQ�JODFLHUL]HG�DUHDV���2Q�DQ

DQQXDO�EDVLV��PHDQ�GLIIHUHQFHV�LQ�WRWDO��GLUHFW���GLIIXVH��UDGLDWLRQ�UHFHLYHG�RQ

JODFLHUL]HG�DQG�QRQ�JODFLHUL]HG�DUHDV�DW�WKH�VDPH�HOHYDWLRQ�UDQJH�EHWZHHQ�����0-

P���GD\�����7KHVH�GLIIHUHQFHV�UHSUHVHQW�EHWZHHQ���DQG����SHUFHQW�RI�WKH�WRWDO

UDGLDWLRQ�LQFLGHQW�RQ�JODFLHUL]HG�VORSHV�

'HVSLWH�WKH�ORZ�ODWLWXGH�RI�WKH�VWXG\�VLWH��WKH�PDJQLWXGH�DQG�WKH�VSDWLDO

SDWWHUQV�RI�LQFLGHQW�VKRUWZDYH�UDGLDWLRQ�YDU\�FRQVLGHUDEO\�IURP�PRQWK�WR�PRQWK�

,QFLGHQW�QHW�UDGLDWLRQ�DYHUDJHG�E\�HOHYDWLRQ��)LJXUH��$��YDULHV�IURP����0-�P���GD\�

��GXULQJ�WKH�DXVWUDO�ZLQWHU�PRQWKV�WR�RYHU����0-�P���GD\���GXULQJ�DXVWUDO�VXPPHU

PRQWKV���0RQWKO\�PHDQ�GLIIHUHQFHV�LQ�LQFLGHQW�VKRUWZDYH�UDGLDWLRQ�EHWZHHQ

JODFLHUL]HG�DQG�QRQ�JODFLHUL]HG�DUHDV�DOVR�YDU\�FRQVLGHUDEO\�WKURXJKRXW�WKH�\HDU

�)LJXUH��%����0D[LPXP�GLIIHUHQFHV��XS�WR���0-�P���GD\����RFFXU�GXULQJ�WKH�DXVWUDO

ZLQWHU�ZKHQ�DEVROXWH�LQFLGHQW�VKRUWZDYH�UDGLDWLRQ�LV�DOVR�ORZ���0LQLPXP

GLIIHUHQFHV�DUH�IRXQG�GXULQJ�DXVWUDO�VXPPHU��ZKHQ�LQFLGHQW�VKRUWZDYH�UDGLDWLRQ�LV
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KLJK�LQ�DOO�ODQGVFDSH�SRVLWLRQV���)URP�0DUFK�WR�6HSWHPEHU��JODFLHUL]HG�DUHDV�UHFHLYH

���WR����SHUFHQW�OHVV�VKRUWZDYH�UDGLDWLRQ�WKDQ�QRQ�JODFLHUL]HG�DUHDV�DW�HTXLYDOHQW

HOHYDWLRQ�

7KH�RFFXUUHQFH�RI�RQO\�QHJOLJLEOH�GLIIHUHQFHV�EHWZHHQ�LQFLGHQW�VRODU�UDGLDWLRQ

UHFHLYHG�RQ�JODFLHUL]HG�DQG�QRQ�JODFLHUL]HG�VORSHV�GXULQJ�WKH�KHLJKW�RI�DXVWUDO

VXPPHU�ZRXOG�VHHP�WR�ZHDNHQ�WKH�FRQWHQWLRQ�WKDW�VSDWLDO�YDULDWLRQV�LQ�WKH�QHW

VKRUWZDYH�ILHOG�FRQWURO�JODFLHU�GLVWULEXWLRQ���+RZHYHU��GXULQJ�DXVWUDO�VXPPHU�OLWWOH

RYHUDOO�YDULDWLRQ�RFFXUV�LQ�WKH�VKRUWZDYH�ILHOG�VR�LW�LV�QRW�VXUSULVLQJ�WKDW�PRGHO

UHVXOWV�VKRZ�RQO\�QHJOLJLEOH�GLIIHUHQFHV�LQ�VKRUWZDYH�UDGLDWLRQ�UHFHLYHG�RQ

JODFLHUL]HG�DQG�QRQ�JODFLHUL]HG�VORSHV���,QFUHDVHG�FORXGLQHVV�GXULQJ�WKLV�SHULRG�DOVR

PDNHV�WKH�FOHDU�VN\�PRGHO�OHVV�UHSUHVHQWDWLYH�RI�DFWXDO�FRQGLWLRQV�WKDQ�GXULQJ�WKH

UHVW�RI�WKH�\HDU���0RVW�LPSRUWDQWO\��WKH�HDUO\�DQG�ODWH�SHULRGV�RI�WKH�ZHW�VHDVRQ

�2FWREHU�'HFHPEHU�DQG�0DUFK�0D\��DUH�WKH�FULWLFDO�WLPH�SHULRGV�IRU�GHWHUPLQLQJ

WKH�DQQXDO�PDVV�EDODQFH�RI�UHJLRQªV�JODFLHUV��HVSHFLDOO\�GXULQJ�(162�\HDUV

�)UDQFRX�HW�DO����������6LJQLILFDQW�GLIIHUHQFHV�LQ�LQFLGHQW�VKRUWZDYH�UDGLDWLRQ�H[LVW

EHWZHHQ�JODFLHUL]HG�DQG�QRQ�JODFLHUL]HG�UHJLRQV�GXULQJ�PRVW�RI�WKHVH�PRQWKV�

HVSHFLDOO\�GXULQJ�0DUFK�0D\��)LJXUH��%��

,Q�DGGLWLRQ�WR�GLIIHUHQFHV�LQ�WKH�GLUHFW�FRPSRQHQW��VLJQLILFDQW�GLIIHUHQFHV�LQ

LQFLGHQW�GLIIXVH�UDGLDWLRQ�RFFXU�EHWZHHQ�JODFLHUL]HG�DQG�QRQ�JODFLHUL]HG�DUHDV�

$VVXPLQJ�WKDW�GLIIXVH�UDGLDWLRQ�JHRPHWU\�LV�DQ�DGHTXDWH�SUR[\�IRU�RYHUFDVW�VNLHV�

WKHQ�XQGHU�WKHVH�FRQGLWLRQV�JODFLHUL]HG�DUHDV�DOVR�UHFHLYH�OHVV�VRODU�UDGLDWLRQ�WKDQ

QRQ�JODFLHUL]HG�DUHDV���7KLV�DULVHV�EHFDXVH�JODFLHUV�WHQG�WR�EH�ORFDWHG�LQ�WRSRJUDSKLF

ORFDWLRQV�WKDW�©VHHª�D�VPDOOHU�SRUWLRQ�RI�WKH�RYHUO\LQJ�KHPLVSKHUH��

7KH�GRPLQDQW�VRXWKHUO\�DVSHFW�RI�WKH�PDMRULW\�RI�UHJLRQªV�JODFLHUV�LV�WKH�PDMRU

UHDVRQ�JODFLHUL]HG�DUHDV�UHFHLYH�OHVV�VRODU�UDGLDWLRQ�WKDQ�DGMDFHQW�QRQ�JODFLHUL]HG

DUHDV���2Q�DYHUDJH��VRXWK�IDFLQJ�VORSHV�UHFHLYH�OHVV�DQQXDO�VKRUWZDYH�UDGLDWLRQ

WKDQ�QRUWKHUQ�VORSHV���6RXWKHUO\�VORSHV�DOVR�H[KLELW�KLJKHU�YDULDELOLW\�LQ�WKH

PDJQLWXGH�RI�LQFLGHQW�VKRUWZDYH�UDGLDWLRQ�IRU�D�JLYHQ�DVSHFW���7KLV�LV�GXH�WR�JUHDWHU

VORSH�GHSHQGHQFH�RI�WKH�GLUHFW�FRPSRQHQW�IRU�ORFDWLRQV�IDFLQJ�DZD\�IURP�WKH�VXQ�
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&RQVLGHUDEOH�YDULDWLRQ�H[LVWV�LQ�WKH�DPRXQW�RI�DYHUDJH�DQQXDO�VKRUWZDYH

UDGLDWLRQ�LQFLGHQW�XSRQ�LQGLYLGXDO�JODFLHUV���'LIIHUHQFHV�LQ�WKH�DYHUDJH�LQFLGHQW

UDGLDWLRQ�UHFHLYHG�RQ�WKH�VWXGLHG�JODFLHUV�FDQ�EH�DV�ODUJH�DV����0-�P���GD\�����6XFK

GLIIHUHQFHV�FRXOG�FRQFHLYDEO\�OHDG�WR�YDU\LQJ�JODFLHU�UHVSRQVH�WR�D�FOLPDWLF�IRUFLQJ�

:KLOH�WKLV�FOHDU�VN\�PRGHOLQJ�LQGLFDWHV�UDGLDWLRQ�JHRPHWU\�LQIOXHQFHV�WKH�SRVLWLRQ

RI�JODFLHUV�DQG�FUHDWHV�ODUJH�GLIIHUHQFHV�LQ�WKH�LQFLGHQW�VKRUWZDYH�HQHUJ\�UHFHLYHG

RQ�LQGLYLGXDO�JODFLHUV��LQFOXVLRQ�RI��FORXG�FRYHU�LQ�WKH�PRGHO�UHPDLQV�SDUDPRXQW�LQ

IXOO\�XQGHUVWDQGLQJ�WKH�UHODWLRQVKLS�EHWZHHQ�LQFLGHQW�VKRUWZDYH�UDGLDWLRQ�DQG

JODFLHUV�LQ�WKH�UHJLRQ�

$FNQRZOHGJPHQWV

7KLV�ZRUN�LV�VXSSRUWHG�E\�1$6$�0LVVLRQ�WR�3ODQHW�(DUWK�(DUWK�2EVHUYLQJ

6\VWHP�JUDQW�1$*:��������7KH�ILUVW�DXWKRU�LV�DOVR�VXSSRUWHG�E\�D�'2(�*UDGXDWH

)HOORZVKLS�IRU�*OREDO�&KDQJH���7KH�DXWKRUV�ZLVK�WR�WKDQN�3LHUUH�5LEVWHLQ�DQG

%HUQDUG�)UDQFRX�RI�256720�/D�3D]�DQG�6RSKLH�0RUHDX�RI�$%7(0$�IRU�WKHLU�NLQG

VXSSRUW���7KDQNV�DOVR�WR�&KULVWRSKHU�'XQFDQ��&RUQHOO�8QLYHUVLW\��IRU�KLV

LQGLVSHQVDEOH�VRIWZDUH�OLEUDULHV���,1672&�FRQWULEXWLRQ�����
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5HIHUHQFHV
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+DVWHQUDWK��6����������&OLPDWH�'\QDPLFV�RI�WKH�7URSLFV���'RUGUHFKW��.OXZHU
$FDGHPLF�3XEOLVKHUV������SS�

+XWFKLQVRQ��0�)����������$�QHZ�SURFHGXUH�IRU�JULGGLQJ�HOHYDWLRQ�DQG�VWUHDP�OLQH
GDWD�ZLWK�DXWRPDWLF�UHPRYDO�RI�VSXULRXV�SLWV���-RXUQDO�RI�+\GURORJ\���������������

-RUGDQ��(����������'LH�*OHWVFKFHU�GHU�%ROLYLDQLVFKHQ�$QGHDQ���6WXWJDUW��)UDQ]
6WHLQHU�9HUODJ������SS�

-RUGDQ��(����������5HFHQW�JODFLHU�GLVWULEXWLRQ�DQG�SUHVHQW�FOLPDWH�LQ�WKH�FHQWUDO
$QGHV�RI�6RXWK�$PHULFD���=HLWVFKULIW�I�U�*OHWVFKHUNXQGH�XQG�*OD]LDOJHRORJLH�����
��������

0XQUR��*�-��DQG�<RXQJ��'�6����������$Q�RSHUDWLRQDO�QHW�VKRUWZDYH�UDGLDWLRQ�PRGHO
IRU�JODFLHU�EDVLQV���:DWHU�5HVRXUFHV�5HVHDUFK�����������������

:LOOLDPV��/�'���%DUU\��5�*���DQG�$QGUHZV��-�7�����������$SSOLFDWLRQ�RI�FRPSXWHG
JOREDO�UDGLDWLRQ�IRU�DUHDV�RI�KLJK�UHOLHI��-RXUQDO�RI�$SSOLHG�0HWHRURORJ\����������
����
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)LJXUH�FDSWLRQV

)LJXUH������$��/DQGVDW�7KHPDWLF�0DSSHU�LPDJH��%DQG����RI�WKH�VWXG\�DUHD���7KH

QXPHURXV�VPDOO�JODFLHUV�LQ�WKH�DUHD�DSSHDU�ZKLWH�LQ�WKH�LPDJH���$UHDV�FRQVLGHUHG�LQ

WKH�VWXG\�DUH�HQFORVHG�LQ�EODFN�RXWOLQHV�DQG�ZHUH�WDNHQ�IURP�-RUGDQªV��������JODFLDO

VXUYH\����%��*UH\VFDOH�LPDJH�RI�DYHUDJH�DQQXDO�WRWDO��GLUHFW���GLIIXVH��UDGLDWLRQ

UHFHLYHG�RQ�HDFK�����[�����PHWHU�SL[HO�LQ�0-�P���GD\���

)LJXUH������$��$YHUDJH�VKRUWZDYH��GLUHFW���GLIIXVH��LQVRODWLRQ�UHFHLYHG�RQ�JODFLHUL]HG

DUHDV�DV�D�IXQFWLRQ�RI�HOHYDWLRQ�IRU�HDFK�PRQWK�RI�WKH�\HDU���(DFK�FHOO�LQ�WKH�JUDSK

UHSUHVHQWV�WKH�PHDQ�PRQWKO\�VKRUWZDYH�UDGLDWLRQ�IRU�D����PHWHU�YHUWLFDO�LQWHUYDO�

7KH�FRQWRXUV�LQGLFDWH�YDOXHV�RI�WKH�LQFLGHQW�UDGLDWLRQ�LQ�0-�P���GD\������%��0HDQ

PRQWKO\�GLIIHUHQFHV�LQ�WRWDO�VKRUWZDYH�UDGLDWLRQ�EHWZHHQ�JODFLHUL]HG�DQG�QRQ�

JODFLHUL]HG�DUHDV�DV�D�IXQFWLRQ�RI�HOHYDWLRQ���(DFK�FHOO�UHSUHVHQWV�WKH�VKRUWZDYH

UDGLDWLRQ�GLIIHUHQFH�IRU�HDFK�PRQWK�IRU�WKH�VDPH����PHWHU�YHUWLFDO�LQWHUYDO�VKRZQ�LQ

�$����'LIIHUHQFHV�DUH�QHJDWLYH�ZKHUH�JODFLHUL]HG�DUHDV�UHFHLYH�OHVV�LQFLGHQW

UDGLDWLRQ���&RQWRXUV�LQGLFDWH�YDOXHV�RI�WKH�LQFLGHQW�UDGLDWLRQ�LQ�0-�P���GD\���
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